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THE SURFACE AREA METHOD
AS USED IN THE DESIGN OF BITUMINOUS MIXTURES

By F. N. Hveem
Senior Physical Testing Fngineer

The procedure hereinafter described for fixing the oil
content in graded aggregate mixtures has been generally re-
ferred to as the surface area method. It was developed from
an original assumption that the optimum amount of liquid as-
phalt in a graded aggregate mixture should bear a definite
relaticnship to the superficial surfaces to be covered. The
problem involved first, means of estimating at least rela-
tively the surface area of various gradings of aggregate, and
second, knowledge as to the film thickness, or amount of
asphalt required for a unit of surface.

In 1918, Capt. L. N, Edwards®, of Toronto, Canada, re-
ported his work on portland cement concrete using surface area
analysis as a basis for design. Edwards painstakingly counted
the particles, estimated the volume and dimensilon of sand
grains, and established surface area constants to represent
the various sieve sizes. If these surface area values are
plotted as ordinates against the reciprocals of the particle
sizes as abscissa, the resulting straight line graph may be
used for interpolation and sextrapolation.

A difficulty arises, however, in establishing a con-
stant to represent the surface area of materials passing the
200-mesh. At the time these surface area equivalents were
adopted, little information was available as to the intimate
gradation of fine dusts and fillers below the 200-mesh size.
Partly due to lack of such information, and partly as a safe-
guard against over-oiling mixtures containing eXcess dust,
the surface area constants used for materlals passing the
200-mesh are unquestionably lower than the absolute values.

Having established a table of surface area equlvalents,
the study then involved a determinatlon of the proper film
thickness. It was filrst thought that this thickness might
prove to be a constant, hence true for all materials regard—
less of grading. A 1little investigation proved that this
was not the case, as it was soon evident that 0il surfaces
utilizing only fine materials, when analyzed, proved that a
much thinner film was necessary than is the case 1n coarser
gradings. Here seemed to be an explanation of previ?us un-
satisfactory results with surface area methods. Engineering

+ Proceedings, A.S.T.Ma., Vols XVIIL, Part II, 1918. :
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papers have expressed dissatisfactlon with surface area
formulas, it having been pointed out that a procedure found
satisfactory for coarse mixtures invariably gave an excess

of bitumen when applied to fine gradings such as sheet asphalt.

If an allowance 1s made for varying the film thickness
(bitumen index) between fine and coarse gradings, it has
not been found necessary to consider the volds in a mix-
ture. A very pertinent article on this subject is "Variation
in Asphalt Film Thickness on Mineral Aggregates" by Mr. A. R.
Eb?egts*. I might quote from Mr. Ebberts' article at this
point.

"...We cannot completely fill the volds of
an open mix with asphalt and still handle

it on the job. In very fine mixes, we have
an extremely narrow range of practical bitu-
men content. We are limited by small voids
on the one hand and the necessity for ade-
guate weather-proofing on the other. As-
phalt is a lubricant and that property deter-
mines the maximum practical film thickness.
Otherwise we sacrifice stability. Thus we
must take into account both voids and arcas
in any system of design we adopt. Design
based on areas must care for the voids by
varying the bitumen index. Design based
primarily on voldage may take care of areas
by determining voids in a fluid medium that
is absorbed in perhaps the same ratio as 1is
asphalt.”

So far as is known, this last procedure has not been
worked out, and in the California laboratory we have found
no occasion to concern ourselves with the void volume of
bituminous mixtures. Porosity, which is more closely related
to the size of the pores, is another story.

Having assigned surface area equivalents which repre-
sent a mathematical relationship between the surface areas
of various gradings, i1t was further recognized that in their
variety of shapes and surface texture, nineral aggregates
present surfaces which may vary considerably from the theo-
retical sphere or cube usually employed in calenlation.

This deviation from the theoretical area might be cared for
in two ways. The calculated surface area might be increased
by an amount necessary to represent the additional surface

area due to roughness and inequalities, or the ad justment
might be made by ilncreasing the film thickness, considering
that rough particles will hold a thicker film of asphalt than

# proceedings of the Sixth Annual Asphalt Paving Conference, 1927.
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willl smooth ones. This latter procedure was adopted, and
the range from ordinary smoothest to roughest rock types was
divided into ten divisions, which are referred to as surface
factors, or "oil lines."

It might be well here to emphasize the point that the
maximum safe amount of asphalt is that which the particles
will carry without undue lubrication. It is not a question
as to the amount which will stick to the rock surface. The
upper limit of oil in any mixture is the amount which may be
tolerated without producing instability. The lower limit 1s
gauged by considerations such as raveling, susceptibility
to water, deterioration with age, etc. The working range be-
tween these two extremes may be narrow or wide depending on
the grading and the character of the aggregate.

Another point to emphasize is that the varlation in
bitumen index refers to the average particle size in a mix-
ture, and does not mean that each individual particle holds
a £ilm of asphalt proportional to its diameter. So far as
can be determined, by methods which are necessarily very in-
exact, there is little consistent difference between the
thickness of films of asphalt on the large and small particles
in a given mixture when the materials are thoroughly mixed.
If there is any difference, the fine particles are as liable
to have the heaviest coating, as it is well known that fine
materials become coated sooner than do the large rocks in a
mixture.

One of the difficulties in applying the surface area
formula without first making trial mixes and stablility tests
is to determine the proper surface factor of "oil line" for
a given aggregate. With experience, the oll line can be
estimated very closely in many different types of aggregate.
As a general guide it may be stated that a large majority of
rock types can be properly olled using oil line 3 or L.

This has proved to be the medium type. Quartsz, chert and all
hard glassy aggregates usually are amply oiled by using line
0. Crushed malapal or lava rock may require up to the 10
line, depending on the surface plts and inequalities. Fine
particles commonly do not have the range in surface texture
that is found in coarse material., Water-worn or wind-blown
materials are invariably smooth.

In proportioning oil by weight, it 1s necessary to
recognize the effect of specific gravity. The fundamental
basis is, of course, to determine the volume of oill regulred
for a volume of aggregate., If the aggregate is light in
weight, the volume of a given weight will Dbe greater,_hence
a greater volume of oll is needed. Paving asphalt weighs
more than road oil, hence it requires a greater weight of
asphalt to give the equivalent of volume.

ClilhRD


http://www.fastio.com/

-1~

If the aggregate is truly porous, so that oil soaks
deeply into the rock particles, it is necessary to allow for
such absorption in additlon to the amount required by surface
area analysis. In California's experience, such definitely
porous aggregates are not common, and the only satisfactory
method thus far has been one of trial, the aggregates being
mixed with an assumed oll content, dried in an oven for a
period, and then additional oll added until appearance or
stability tests are satisfactory.

Following is a description of the method, including a
table of surface area constants and curves for determination
of film thickness, It is not assumed that these surface
area constants are exact; and particularly in the case of any
material finer than 200-mesh 1t would be impossible to assign
any one constant to fit all aggregates.

In general, the method is based on analyzing the mater-
ial by sieving, and calculating surface area values from the
sieve analysis, with recognition of the following factors:

First, the optimum oll content is directly related to
the surface capacity of the aggregate. This surface capacity
is affected by three factors, each of which may vary inde-
pendently of the others.

(a) Most Important is variation in surface
area due to variation in grading. For
the same welght, small particles have
a greater surface area than large ones.

(b) Variation in surface area due to shape
and character of surface of particles.

(¢} Variation in absorption capacity of
different aggregates.

Second, it has been established that the thickness of
the oil film, or coverage factor, must be varied according to
the average size of the particles.

The surface area equivalents for a sample of aggregate
are calculated from the sieve analysis. The grading is first
determined, and the amount of each size expressed as a per-
cent of the total. (See Table III for example.) From the
table of surface equivalents {(Table II) consbtants are selected
which represent the surface area in square feet per poun@ for
the size groups. The percentage of sach size is mult%plled
by the appropriate constant for that size, the summat%on of
results giving a surface area equivalent for the grading repre-
sented by the entire sample. This method may be used 1n
connection with any number of sleves. More accurate results
are obtained with a large number of size divisions, particular-
1y of the finer particles.
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For comparison, see Table III, in which are shown
three gradings, with surface areas in each case calculated
with a complete set of sand screens, and also with only n
sieves, It will be noted that gradings A and B show a con~
siderable variation in surface area squivalents when computed
from lj measured sizes as compared to a computation using a
full set of sieves. Grading € is a uniform grading which gives
practically identical results regardless of whether a full
set of sieves i1s used or not. The degree of error depends
entirely on the particular grading concerned.

The results thus obtained represent a comparable mathe-
matiecal relationship between surface areas of different
aggregate gradings. Variation in surface area between
different classes of material of same grading, due to differ-
ence in shape and surface characteristics of the particles
must be estimated by inspection of the aggregate or determined
by proper laboratory tests. Rough, irregular particles have,
of course, a greater surface area than smooth, spherlcal ones.
Variation due to absorption must be determined by trial or
laboratory tests. This variation is due to the unequal
capacity of different mineral aggregates to attract and hold
asphaltic residues on their surfaces.

Having arrived at the surface area equivalent for a
particular grading, the amount of oil required is caleulated
by multiplying the surface area by the bitumen index. The
bitumen index is a variable factor indicating the amount of
o1l in pounds required to cover one square foot of surface
area. The bltumen index chart (Figure 1) gives the coverage
factor range which may be applied to different surface area
equivalents. It will be noted that in fine grading combin=-
ations with high surface area, the coverage factor is
smaller and the tolerances more restricted than in coarse
combinations.

Corrections must be made for aggregates having a
apecific gravity above or below 2,65. The fundamental basis
being, of course, relative volumes of oil and aggregate, 1t
is obvious that a lighter aggregate will require more oil
by weight and a heavier one will require less. The chart is
arranged for fuel oll with a specific gravity of 0,98; if
the oll or asphalt varies appreciably from this figure an
allowance must be made. Sees formula on page Ta

The bitumen index curves are numbered from O to 10,
These curves represent arbitrary surface factors designed
to distinguish between particle surface bextures with varylng
degrees of roughness. The lower curves apply to smooth,
glagsy particles, the higheat curves to rock of the veS}cular
lava type. In application, the most appropriate curve 1s
selected to represent the surface roughness of a glven aggre-
gate. The curve, then, becomes the only constant factor, and
is the basis for laboratory recommendations to the field

forces.
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Any material represented by the lower surface factors
is usually not highly stable. It is probably true that any
aggregate or grading requiring a bitumen index below ,0007
will be more likely to show distress in wet weather than will
be the case where a thicker film is used.

There is reason to believe that this method is appli-
cable to asphaltic concrete as well as to light oill mixes;
and, furthermore, brief studies have indicated that regqulired
water cement ratios in portland cement concrete may be cal~-
culated from surface area analysis, provided that the prin-
ciple of variable film thiclness 1s recognized.

The form and application of this method rests on the
following assumptionsy Instability of a bituminous treated
pavement and lubrication of the mass are synonomous terms.
Then, since all road oils and asphalts are viscous liquids,
the principles of lubrication are in operation, and it fol-
lows that small particles are more easily lubricated than
large ones. There 1s a necessity for a diminishing oll cover-
age in order to maintain stability as the particles diminish
in average size. (It should be understood that this is a
design basis; all particles, large or small, in any given
mixture have the same coverage factor or bitumen index.)

As applied in our laboratory in the preliminary inves-
tigation of aggregates, surface area equivalents are calculated
from grading analysis as outlined. Trial mixtures are made
with several oil contents calculated by means of surface fac-
tors arbitrarily selected from inspection of the aggregate.

An attempt is made to select curves which will give an oll
content both above and below the assumed optimum. Test speci-
mens are formed from these mixtures and tested for stability
in the Stabilometer. This test, being primarily a measure of
internal friction of the mass, indicates the presence of excess
0il by measuring the reduction in friction. From these test
results, and consideration of local conditions, the surface
factor or oil line is established and used as a basis for
recommendation to the construction forces.

In fixing the amount of oil for a given agegregate and
grading, it is with the general assumptlon that the most de-
sipable oil content is the largest amount the aggrogate wlll
tolerate without developing instability. It 1s believed that
all other considerations, such as reaistance to molsture,
raveling, impact, and oxidation are best met with a relatively
high oll content. In the event of re-working, richer mixtures
are preferable.

It should be clear, however, bthat the term "high" is used
only in a relative manner. The highest permissible oil content
may be indeed qulte low in the percentage scale for some

materialse.
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It is desired to stress the point that the series of
curves shown 1In Figure 1 are not used merely to indicate a
minimim or maximum range. GConsiderable effort is made to
determine the precise surface factor which will provide the
optimum oil content for a given aggregate. When once estab-
lished, the particular surface factor becomes the only con-
stant, and 1s the basis for our laboratory recommendations.
The surface factor, or "oill line" furnishes a practical means
of comparing the relative degree of a high oil content and a
coarse grading requiring much less,

PROCEDURE

Having fixed the proper surface factor {oil line), and
having computed the surface area equivalent from the grad-
ing of the aggregate in use (1t should be understood that
surface area equlvalents should be calculated on the theo-
retical absolute volume grading rather than the apparent
grading by weight), the following formula may be used:

G
R =-§%£%ix—:8g-x SaB1

R = 0il or Bitumen Ratio

Gg = Specific Gravity of Combined
Aggregate

Gp = Specifie Gravity of Bitumen =

141,5
131.86 + A.P.l. Gravity

Surface Area Equivalent of Aggre-
gate in Square Feet per Pound

7
o
i

B1 = Bitumen Index as Determined from
Chart Figure 1., Surface Factor
from Laboratory Recommendation.

Assuming a sample grading as grading C (Table IIT)
having & recommended surface factor #5 and with a specific
gravity of 2..40.

Referring to the chart (Figure 1) it will be found that
a surface area of 4b.li on curve number 5 gives a bitumen
index of .00102 pounds (of oil per squarse fo?t). T@e product
of surface area curves are based on a specific gravity of

=
=

)]s~
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2,65 and the sample has a specific gravity of 2.40, a correc-
tion will have to be made., Hence,

%%ng%x L6 x 00102 =

«052 = 0il ratio - - or, 100 1lbs.
of aggregate will require 5.2 1bs.
of oill.
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Revised rebruary, 1si5

State of California Division of iighways meteriels & Hesearcls Dept.

REVISED TABLE OF SURFACE AREA COLISTANTS TC BE APPLIED
DIKECTLY TO SIEVE ANALYSIS EXPRESSED AS
CUMULATIVE PERCENTALGES PACSING EACH SIEVE

Table 1 Table 2 Table 3 Teble 4 Table 5 Table 6

10 Sieves 7 Sieves 6 Sieves l, Sieves 4, Sieves 3 Sieves
S%eve S%eve . Sieve Sieve Sieve ﬂLSieve
No. |Con- No. (Con=- lio. |Con=- No. |[Con- No. (Con=~ No. [Con-

Pass. |stent | Pass. {stant §| Pass. |stant §l Pass. {stant || Pass. |stant Pass. |stant

270* | 100

200 80 200 140 200 170 200 170 200 188 200 215

100 60 100 71,

50 30 50 68 50 73
30 § 1 | 30 | 34 30 | 63 |
16 8 16 16
8 b 8 8 g | 15 L s | 43
4 2 b 2 & b 4 7
3/8 1 3/8 1 3/8 1
el adlom | alom] slom] 2ol 2hsnl -
*3$i11t remaining in suspension Note: Value shown in Tables 2,3,4,5,
and removed by elutriation. and 6 for passing #200 sleve

applies to average dust. will
be in error for some meterials

APPLICATION: Use table according to number of test sieves used. Reducing
number of sieves may reduce accuracy. By sieve anslysis determine
each size of aggregate, Express total amount passing each sleve in
terms of per cent of total, (This is the normal procedure for record-
ing combined gradings.} Multiply the percentage passing each sieve by
the corresponding constant given in the table. The sum of these products
will represent the surface area of the entlre sample.

CAUTION: The constants from any one table must be used together and all of
the constants must be used. For example, if Table 1 is used and the
aggregate sample all passes & nurber 16 sieve, the constants for all
sizes larger than the No. 16 even though not recorded in the grading
snalysis, must be multiplied by 1.00 and included in the sum.
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STATE OF CALIFORNIA

DIVISION OF HIGHWAYS

TABLL Il

MATERIALS § REMEARCH DF PT.

SHOWING DIFFERENCES IN SURFACE AREA LQUIVALENTS CALCULATED FROM A SMALL
NUMBER OF SCREEN SIZES AS COMPARED TO VALUES OBTAINED BY UsNG A TULL SET.

CONSTANTS FROM TABLE 1, FIG. X

CONSTANTS FROM TABLE 4, FIG. IT

CALCULATED O CONTENT USING O.0 LINE FROM CHART, 116.#0=3.9

STANDARD)
TESTING | PERCENT, PROPORTAON _ SURF. AREA _ SURF. AREA | PROPORTION SURE AREA _ SURF. ARLA
STEVE | PASSING | EACH SIZE ~ * COWITANTS ™ OF SIMPLLE | ZACH JIZE X CONSTANIS ™ OF JAMPLE
WASH 4 s X M0 = 20 -
200 Iz P8 x 200 = KO } 2 x 2% 300
R I I I Sy ¥
. -
o S ) 25 x5 =27 f7ox B = 152
N
0 % = .
< 20 34 02 p* ﬁ = 4 } 14 X 8 = 2.5
5 “"‘Tg .5; ,;5 x { 3 = l.g
% x = . =
S [—r—1wo B x5 =4 | A -2
1.00 100
SURFACE AREA OF SAMPLE W 3Q./T. /ZR LD. 42 499
CALCUATED Oi COnTENT UsinG Q0 Line faomt CvaRT, & 0= 3.7 = 4./
w* v 07 x 4@ - ﬂo =
200 7 2 x w0 = 40 b o2 2% £7.5
[ ———
~ x = K -
Nf—s0 [ 28 Y, I Y - S N ¥ B x & 144
O 40 29 0] ® 36 = 4
>3 30 Jé 07 x 27 = 1.9
] 20 37 01 x 8 = 2 JO x /8 = 1.8
S
o : x - . =
Q 7 700 T3 =] } & x4 24
100 1.00
SURFACE ARIA oF SIMPLE I S0 T PER (8. =547 = 46/
CALCULATED OIL CONTENT USING .0 LINE I'Rom CHART, 176 0 =4. 3 = 39
WASH 6 06 x 300 - -
200 7] o8 x a0 = 100 b x 2% 2748
R R
0 . x = A -
L TS0 |25 L =31 ® % 144
40 29 M x 36 = /.4
] 30 32 D3 x 27 = 08
X 20 36 o4 x 18 = o1 6 x 18 = 29
Q 10 £5 09 x 7] = 10
o 3 60 75 P 5 = a7 } K 4 = 22
o r J0O 40 X K) = 1.2 ]
100 100
SURFACE AREA OF SAMPLE IN 5Q. T PER LB. =46.4 =470
=39
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